Universal grammar assumes the existence of an innate structure common to all human languages. As with secret keys shared by two parties in cryptography, the innateness of language may be related to the continuity of language that both parties share. In other words, discrete language alone cannot construct continuous semantics, which therefore implies the innateness of continuity as proposed in universal grammar. This is also seen in the unique capacity to communicate quantum information, which contains continuity, using discrete language. On the other hand, ever since the development of quantum theory, its probabilistic nature during the measurement process has been debated, particularly by using the phenomenon of entanglement and nonlocality. Since a number of practical applications of quantum theory have been introduced more recently, various techniques of manipulating entanglement have been examined. In particular, it has been noted that for a given chain of non-maximal correlations, there exists a class of coefficients such that entanglement swapping yields the optimal result, namely the weakest link in the chain. A numerical comparison between the general coefficients and the optimal nonmaximal states in the case of four and five 2-level entanglement is also provided.
Introduction
Great efforts have been made to understand human cognitive ability in various fields including neuroscience (Pulvermüller, 2002) , psychology (Anderson, 1985) , and computer science (Kleene, 1956; Minsky, 1972) . One of the difficulties in studying and understanding the human brain is that a physical system (i.e., a network of neurons) seems to produce something very different, namely mental ones. In attempting to understand human mental processes, one of the significant areas of research is the study of human language. Many 20th century scholars have studied the structural aspects of language. In particular, the dominant view of language acquisition was that a child learns the mother-tongue through trial and error. In the late 1950s, Noam Chomsky (Chomsky, 1959; 1980) suggested a different approach -noticing that a child's acquisition of the ability to speak the first language is sudden; he posited the existence of an unlearned or innate set of syntactic principles. That is, that a general structure common to all languages, called universal grammar, and exists as an innate state of human language ability.
Cryptography is a way for two parties to communicate securely; one of its most important aspects is called key distribution. Suppose two distant parties, called Alice and Bob, share the same key known only to themselves (Fig. 1) . Alice may encode the message by adding it to the secret key. Since the key that Alice and Bob share is unknown to others, the encrypted message is perceived as random by a third party. Alice now sends the encrypted message to Bob. When Bob receives the message, he adds it to his key, which he shares with Alice, and recovers the original message. Therefore, it is proven that Alice and Bob are able to encrypt and decrypt the original message using a shared key.
Languages and Encryption
Cantor's diagonalization proof, showing that continuous real and discrete natural numbers can never be put into one-to-one correspondence, may be briefly reviewed. In order to prove this using contradiction, let us assume they are oneto-one. If , which leads to a contradiction. This simple but deeply intuitive proof has been useful in a number of important results, including the halting problem (Turing, 1936) . (Deutsch, 1985; Nielsen et al., 2000) .
It is useful to represent a qubit in Bloch sphere notation with . In particular, it is noted that the values of θ and φ are continuous on the unit sphere (also see (Hardy, 2001; Galvão et al., 2001) . As shown in Fig. 3 , the states 0 and 1 are embedded in the unit sphere pointing at z and -z, i.e., at 0 = θ and π θ = , respectively. We may now consider the case where Alice is trying to communicate quantum information to Bob by sending a classical bit, where 0 represents 0 while 1 corresponds to 1 . In particular, we assume that Alice and Bob share an understanding of the state 0 and 1 on the Bloch sphere (Fig. 3) . Initially, the state 0 or 1 , which is embedded in the continuity, is prepared.
Similar to the case of natural and real numbers in Fig. 2 , we use the notation of attaching ∞ to indicate the message being encrypted. Therefore, after encryption by Alice, the message is denoted as 0+ ∞ or 1+ ∞ . Once the classical message is delivered to Bob, it is decrypted and the original state, embedded in the continuous unit sphere, is recovered (Fig. 4) . Therefore, similar to the natural and real number case, continuous quantum information was communicated through discrete classical information. 
Network and Numerical Methods
Often, quantum theory is said to be strange due to its superposition property, for example, with a quantum bit (Deutsch, 1985) , wave/particle duality (Carnal et al., 1991) and so forth. Moreover, the theory has in fact changed the way logical studies of nature have been practiced for centuries. Unlike the previous approach of studying the physical systems, quantum theory revealed the relationship between the measuring party and the physical system being observed. This approach, also known as the Copenhagen interpretation, is often regarded as the standard picture of quantum theory. Naturally, there have been many attempts to remove this rather awkward situation of placing the observer in a special place, with one of the most notable attempts being the many-worlds interpretation of quantum theory introduced by Hugh Everett in 1957 (Everett III, 1957) .
While there have been various discussions with regard to the meaning and interpretation of quantum theory, there have also been attempts to construct something useful out of the situation (Bennett, 1984; Kok et al., 2007; Ladd et al., 2010) . Indeed, quantum entanglement has been one of the important aspects in a number of applications in quantum technology. In order to establish long-distance quantum correlations, numerous studies have been conducted (Zukowski et al., 1993; Bose et al., 1998; Jonathan et al., 1999; Hardy, 1999; Shi et al., 2000; Lo et al., 2001; Kaltenbaek et al., 2009) . In (Hardy et al., 2000) , it was shown that for a certain class of chained non-maximal correlations, an optimal result may be obtained.
Let us consider the following state, Where m=1, 2, 3, 4. In such a case, one may consider the following conditions being satisfied:
When (3-10) are satisfied, it may be checked that using corresponds to the weakest link in the concatenation of four 2-level states (Hardy, 1999; Hardy et al., 2000 2ω . This outcome is optimal since average entanglement cannot increase under local operations. Table 1 shows some samples of nonmaximal states that satisfy (3-10), therefore yielding the average maximal entanglement value of the weakest link. (3)- (10) In Fig. 5 , the comparison is provided when the optimal conditions are satisfied with (3-10) (shown with O's) versus general nonmaximal states (shown with ▲'s). It can be observed that the general correlation is bounded by the optimal coefficients. In Fig. 6 , the distribution of coefficients of non-maximal states is provided from a different perspective. (i) shows the plots of
ω in the case of all initial general states, whereas (ii) indicates the case of the same coefficients but with the imposed conditions of (3-10), which are substantially fewer than in the general case.
Similarly, the comparison is provided for
Let us now consider the case of five 2-level states, i.e., when n=5 in (2). In such a case, the Bell measurement may be performed on 2 and 3, 4 and 5, 6 and 7, and 8 and 9, which then yields the new correlated state between 1 and 10. As discussed in (Hardy et al., 2000) , the following conditions may be considered:
When the total of 16 conditions are provided as outlined above, similar to the fourstate case, the five 2-level states yield the weakest link in the chain, i.e., 
Remarks
In this paper, we have numerically compared the coefficient of general and optimal cases for four and five 2-level correlations. In particular, it was shown that when entanglement swapping protocols are applied, a substantial amount of non-maximal states exist that yield the weakest link in the chain of four and five 2-level entanglements. While quantum theory has changed the way logical studies of nature have been practiced for centuries, recent developments within the practical applications of quantum foundations have provided new and deep insights into fundamental issues. For instance, there have been various attempts to view the universe as information processing (Lloyd, 2006; Vedral 2006; Schmidhuber, 2010) .
That is, the physical laws involving possible degrees of freedom, such as weak interactions, gravity and so forth, may be represented as digital information. This process greatly simplifies the way we view the universe and may provide new insight into efforts to unravel its mysteries. The communication of continuous information through only discrete language resembles the protocol in cryptography. That is, more was communicated through less being delivered. This seems to imply that both parties share continuity, or semantics of language, which may contribute to the innateness of universal grammar. In a series of papers (Song 2017a; 2017b) , a cyclical time model has been proposed based on the self-referential argument. In particular, it was noted that the observable physical universe, which may be considered a discrete and finite classical computational process in a time-forward manner, is filled by a continuous Dirac-type negative sea of consciousness that is generated through the evolution of quantum reference frames in a timebackward manner. The proposed cyclical model is consistent with our discussion of the communication of quantum information through classical bits by sharing the understanding of the continuity of quantum states. In particular, the proposition supports the idea that the shared understanding of continuity, which we used in the notation of, ought to correspond to the integral aspect of universal grammar in languages.
